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Starch-protein clouds useful for clouding acidic ?uids, 
especially fruit-?avored beverages, are prepared by 
forming an aqueous dispersion of from 3-15 parts of a 
starch base and 1 part of a water-soluble protein salt, 
such as the sodium and/or calcium salts of casein, a soy 
protein, or a wheat protein and then acidifying to a pH 
of about 2.5~5.5 to develop the cloud. The cloud may be 
isolated by spray drying or freeze drying to give a dry 
cloud suitable for incorporation in dry beverage mixes. 
Preclouds maybe prepared in the same manner except 
that they are not acidi?ed prior to use, but during use. 
Dry preclouds may be isolated by drum drying or 
freeze drying. 

16 Claims, No Drawings 
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STARCH-PROTEIN CLOUDS AND PRECLOUDS 

BACKGROUND OF THE INVENTION 

This invention relates to the use of starch-protein 
products as preclouding and clouding agents for acidic 
?uids, especially as dry clouding agents suitable for 
incorporation in dry beverage mixes. It also relates to a 
process for preparing these liquid and dry preclouding 
and clouding agents. . 
As used herein, the term acidic “?uids” refers to 

?uids having a pH of 5.5 or less which are capable of 
‘?ow and which may contain particulate solids or gases 
dispersed therein. The term “clouding agents”, hereaf 
ter described as “clouds”, refers to acidi?ed substances 
or systems, such as liquid clouds, which already have a 
cloudy (opaque) appearance and which will maintain 
that cloudy appearance in acidic ?uids, as well as to 
acidi?ed substances or systems, such as dry clouds, 
which will have a cloudy appearance in acidic ?uids. 
The term “preclouding agents”, hereafter described as 
“preclouds” refers to substances or systems, both liquid 
and dry, which are non-acidi?ed but which will de 
velop a cloud when added to acidic ?uids. The term 
“opacity” refers to the level of light transmittance of 
solutions. ‘ 

In the art of clouding ?uids, especially in an attempt 
to achieve the desired opacity or cloud inherent in natu 
ral juices, it is known and standard practice to form 
oil-in-water emulsions using edible oils. In bottled bev 
erages the cloud has been typically provided by citrus 
oils in the case of citrus ?avored beverages or by neu 
tral vegetable oils (e.g. coconut oil) in the case of non 
citrus ?avored beverages, which cloud may be en 
hanced by the presence of weighting oils in the bever 
age. In dry beverage mixes the cloud has been provided 
by incorporating dry clouding agents prepared by spray 
drying emulsions containing plastic fats, typically hy 
drogenated coconut oil (US. Pat. No. 3,023,106) or 
hydrogenated coconut oil, inorganic pigments such as 
titanium dioxide, and hydrocolloids such as gum Arabic 
(US. Pat. No. 3,658,522). ‘ 
A major drawback in the use of these clouds is the 

development of an off-taste, an undesirable soapy taste, 
which is due to oxidated rancidity and hydrolysis of the 
oil and fat. This problem is compounded because the 
off-taste develops during storage and may not be dis 
covered until the product is sold. Development of this 
off-taste in bottled and canned beverages may be due to 
factors such as heat and/or sunlight. In dry beverage 
mixes development of the off-taste may be due to vari 
ous factors, such as incomplete ?xing of the fat initially, 
release of the fat during processing (due to the mechani 
cal force and/or heat developed during ribbon blend 
ing), or adverse storage conditions (i.e. high heat and 
humidity). The presence of the fat leads to further prob 
lems such as clumping of the mix and insolubility of the 
mix when reconstituted in water. The use of antioxi 
dants to overcome the off-taste problem is undesirable 
and often liinited by government regulations. Hence, 
the search has begun for an oil- and fat-free clouding 
agent. 
Two stable dry clouds have been described in the 

recent literature. One is a fat-free cloud prepared by 
co-drying an aqueous dispersion containing a major 
amount of a solubilized malto dextrin and a minor 
amount of xanthan gum and titanium‘dioxide (U .8. Pat. 
No. 4,187,326). The other involves the combination of a 
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2 
non-dairy base and a new orange ?avor emulsion to 
provide the cloud (“Breakfast Orange Drink Scores 
Formulation Breakthrough”, Processed Prepared 
Food, June 1980, p. 116). The non-dairy base is a com 
ponent of the stabilizer, which also contains pectin, 
carboxymethyl cellulose, xanthan gum and carrageenan 
gum. Typically non'dairy bases are stabilized dried 
emulsions containing 20 to 50% oil or fat. 

It is an object of this invention to provide a simple oil 
and fat-free cloud and precloud which may be used in 
acidic ?uids, especially in beverages and beverage 
mixes. ‘ 

SUMMARY OF THE INVENTION 

The above object is achieved by the preparation of 
starch-protein clouds and preclouds which can be used 
as liquid or dry clouds or preclouds in acidic ?uids, 
acidic dry mixes, or dry mixes to be reconstituted with 
acidic ?uids. The clouds are prepared from an aqueous 
dispersion of various starches and selected water-solu 
ble protein salts and developed by acidi?cation. They 
may be isolated as dry clouds, typically by spray drying 
or freeze drying. The liquid and dry preclouds are pre 
pared in the same manner except that they are not acidi 
?ed prior to use, and the cloud is developed during use 
by acidi?cation. Dry preclouds may be isolated by 
freeze drying or drum drying. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The applicable starch bases which may be used in 
preparing the starch-protein products herein may be 
derived from any plant source including corn, potato, 
sweet potato, wheat, rice, sago, tapioca, waxy maize, 
sorghum, or the like. Also included are the conversion 
products derived from any of the latter bases including, 
for example, oxidized starches prepared by treatment 
with oxidants such as sodium hypochlorite; ?uidity or 
thin-boiling starches prepared by enzyme conversion or 
mild acid hydrolysis; and derivatized starches such as 
ethers and esters. The starch base may be a granular 
starch, which will be dispersed prior to or during for 
mation of the cloud or precloud, or it may be a gelati 
nized starch (i.e. a precooked, non-granular starch). 
Converted starches, typically a waxy maize starch hav 
ing a water ?uidity (WF) of about 40 to 60, are pre 
ferred when the cloud is to be isolated by spray drying, 
preferably at a solids content of about 10 to 30% by 
weight. A waxy maize starch is preferred when the 
cloud is to be isolated by freeze drying or when the 
precloud is to be isolated by freeze drying or drum 
drying. 
The applicable protein salts which may be used in 

preparing the starch-protein clouds and preclouds 
herein are the water-soluble salts of soybean and wheat 
proteins or preferably casein. The salts, typically so 
dium or calcium salts, may be prepared by solubilizing 
the proteins by increasing the pH of an aqueous mixture 
containing the protein to about 13 using sodium or cal 
cium hydroxide or any other alkali capable of forming a 
water-soluble salt. Water-soluble sodium and calcium 
caseinates are commercially available as milk by-pro 
ducts. 
The clouds and preclouds may be formed in various 

ways depending upon the starting materials used and 
the isolation method used. If the water-insoluble protein 
is used as thestarting material, it is ?rst solubilized as 
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described above and then added to the dispersed or 
granular starch. If the water-soluble protein salt is used 
as the starting material, it may be added directly to a 
starch dispersion prepared from a pregelatinized starch 
or prepared by cooking a granular starch. Alterna 
tively, the granular starch and protein salt may be 
cooked together in water for about 10 to 30 minutes at 
a temperature which is above the gelatinization temper 
ature of the particular granular starch used. If the pre 
cloud is to be isolated by drum drying, it is not neces~ 
sary to precook the slurry of granular starch and protein 
salt since the starch will be cooked and dispersed during 
the drying operation. 

Acidi?cation of the starch-protein dispersion to a pH 
between about 3.25 and 5.5 leads to development of the 
cloud, with the preferred pH range depending on the 
protein selected. For casein the preferred pH range is 
about 4-5. The resulting liquid cloud may be used as is 
or it maybe isolated to be used as a dry cloud. Alterna 
tively, the starch-protein product may be isolated from 
the dispersion prior to acidi?cation to provide a dry 
precloud which may be used as is or reconstituted with 
an acid as a liquid cloud. If the starch-protein dispersion 
is not acidi?ed, it is used as a liquid precloud. The isola 
tion method used in the recovery of the dry clouds and 
preclouds will determine when acidi?cation should 
occur. 

If the cloud is to be isolated by spray drying, it is 
preferable to acidify the dispersion prior to drying. 
Spray dried preclouds prepared from non-acidi?ed 
starch-protein dispersions do not provide good clouds 
even in ?uids having a pH in the preferred range used in 
the acidi?cation step. 

If the precloud is to be isolated by drum drying, the 
granular starch-protein slurry may be drum dried at an 
acid pH, as will occur when a water-soluble sodium or 
potassium caseinate are used or when the solubilized 
protein is acidi?ed subsequent to solubilization at a high 
pH. However, the protein must remain in solution, and 
hence the pH of the slurry must be above the pH at 
which the particular protein agglomerates (e.g. about 
4.8, 5.5, and 6.5 for casein, soy protein, and wheat pro 
tein, respectively). Drum drying adversely affects the 
stability of some of the clouds (i.e. they settle out), 
particularly the soy and wheat proteins which do not 
form stable clouds even when cooked prior to acidi? 
cation. Drum drying also adversely affects starch-casein 
slurries dried at acid pH values, and the resulting pre 
clouds do not form stable clouds when acidi?ed unless 
they are cooked prior to acidi?cation. If used in a hot 
?uid or mix to be reconstituted with a hot ?uid, cooking 
will not be necessary. Preferably starch-casein slurries 
are drum dried at an alkaline pH, and the resulting 
preclouds do not have to be cooked prior to acidi? 
cation to form stable clouds. 

Preclouds may be isolated by freeze drying. They 
develop stable clouds and there is no need to cook the 
precloud prior to acidi?cation. The drum dried and 
freeze dried preclouds are ground to a ?nely divided 
state prior to use. 
The cloud intensity (degree of cloudiness) is a func 

tion of the type of starch and protein used and the starch 
to protein ratio, as well as the amount of cloud used. 
The starch to protein ratio may vary from about 2.5 to 
15:1, preferably about 3:1 to 9:1 depending on the starch 
base used. The intensity of the cloud also varies depend 
ing upon the pH used in the acidi?cation step. Below 
pH 2.25 or above pH 6.5 only poor ‘clouds develop. The 
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4 
best clouds develop in water at a pH between about 3.25 
and 5.5 or as low as 2.5—3.0 if sulfate ions are present. 
The intensity of the cloud varies slightly depending 
upon the acid used to develop the cloud. Hydrochloric, 
phosphoric, sulfuric, adipic, citric, and nitric acids are 
typical acids which can be used to develop the clouds. 
The stability of the clouds also varies depending upon 

the type of starch base used and the ratio of starch to 
protein. Some clouds will be relatively unstable, as for 
example, a corn starch-casein cloud (3:1) which at 0.4% 
solids in water at pH 4.0 was very cloudy, but which 
settled slowly over about one hour. However, oxidized 
corn starch and derivatized corn starches (i.e. treated 
with monofunctional reagents such as acetic anhydride 
and propylene oxide) form stable clouds. 
The starch-protein clouds may also be sensitive, dur 

ing formation, development, and/or use 40 ions other 
than those present in the acids used to develop the 
cloud. As previously discussed, they are also sensitive 
to the time acidi?cation is affected and to the drying 
method used. 
The practitioner will recognize that each system to be 

clouded is unique and that each starch-protein cloud 
may give better or poorer clouds depending on the type 
of starch used, the type of protein used, the ratio of 
starch to protein, the pH at which the cloud is devel 
oped and used, the presence of salts and/or other ions, 
and, in the case of dry clouds and preclouds, the drying 
method used. The clouds and preclouds should be eval 
uated in the presence of the components typically pres 
ent in the fluid or mix to be clouded, and some of these 
components may themselves provide some clouding. 

In the case of beverages and beverage mixes, the 
clouds should be evaluated in the presence of ?avorants 
(e.g. ?avor extracts or essences in alcohol, glycerol or 
propylene glycol, essential ?avor oil emulsions, and 
fruit juice concentrates); weighting oils (e.g. Ester gum 
and brominated vegetable oils); sweeteners (e.g. dex 
trose, sucrose, maltose, fructose, aspartame, certain 
dipeptides, and saccharin); edible acids (e.g. citric, 
phosphoric, lactic, adipic, tartaric, hexamic, fumaric, 
and malic); natural or arti?cial colorants; carbonation 
sources (e. g. carbon dioxide and sodium, potassium, and 
ammonium (bi)carbonates); encapsulating materials 
(e.g. gum Arabic, modi?ed food starches, dextrins, cel 
lulose esters and ethers, and gelatin); preservatives (e.g. 
sodium benzoate and methyl- or propyl-p-hydroxyben 
zoate); and the like. 
The clouds and preclouds are added to acidic ?uids, 

acidic dry mixes to be reconstituted as acidic ?uids, or 
dry mixes to be reconstituted with acidic ?uids in 
amounts suf?cient to provide the desired cloud in the 
?nal product. Typically from 0.1 to 1.0%, based on the 
total ?uid weight, will provide good clouds, with the 
intensity depending on the cloud or precloud selected 
and the amount used, as well as the ?uid’s pH in the case 
of preclouds. 
The clouds and preclouds are especially useful in 

beverages or dry beverage mixes since they have no 
residual ?avor of their own and since they are effective 
in the acidic pH range encountered in most beverages 
(e.g. bottled and canned soft drinks, breakfast and alco 
holic dry beverage mixes, fruit juices, wines, etc). Un 
less isolated by drum drying, they are readily dispersed 
in cold water, a factor which makes their addition at 
any of stage of the beverage preparation practical. Dry 
clouds and preclouds can be dry blended with dry mixes 
or dry or liquid clouds or preclouds may be added to 
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?avor concentrates, syrups, or to the ?nished bever 
ages. ' 

It is not known whether the starch and protein react 
in any manner during formation of the cloud or pre 
cloud or during the development of the cloudby acidi? 
cation. It is known that the starch-protein clouds and 
preclouds must be formed from dispersed starches and 
that good clouds develop only after acidi?cation of the 
mixture of dispersed starch and solubilized protein to a 
preferred pH range. It is believed that the presence of 
the dispersed starch allows the solubilized protein, 
when acidi?ed, to coagulate as microscopic particles 
which provide the cloud. If starch is not present when 
the protein solution is acidi?ed or if insuf?cient starch 
(e.g. 1:1 starch to protein ratio) is present, the protein 
agglomerates and no cloud forms. In addition, the dis 
persed starch may act as a protective hydrocolloid in 
preventing settling out of the protein particles. 
As used herein, the term “agglomerate” refers to the 

formation, as the pH is lowered, of discrete insoluble 
particles of protein, which may or may not clump to 
gether depending upon the system used and the protein 
used. It is possible that the agglomerated protein may 
carry down or entrap some of the dispersed starch. In 
the presence of suf?cient dispersed starch this does not 
occur; no visible particles form and the dispersion re 
sembles an oil-in-water emulsion. 
The following examples will more fully illustrate the 

embodiments of this invention. In the examples, all parts 
and percentages are given by weight and all tempera 
tures are in degrees Celsius unless otherwise noted. The 
light transmittance was measured using a Spectronic 20 
Spectrophotometer set at 540 nm. The lower the light 
transmittance, the better the clouding. 

EXAMPLE I 

This example illustrates the preparation of liquid 
starch-protein clouds and their use in a reconstituted 
beverage. - 

Cloud I-A (9:1) was prepared by adding 9 parts of a 
waxy maize starch (which had been acid converted to ‘a 
degree known in the trade as 50 WP) and 1 part of 
sodium caseinate to 141 parts water and cooking in a 
boiling water bath for 20 mins. The pH was lowered 
from 5.5 to 4.0 with 0.1 N hydrochloric acid. A total of 
3 parts of the resulting liquid cloud (6.5% solids) was 
added to a beverage prepared by adding 100 parts of 
water to 13.3 parts of a cloudless orange beverage pow 
der. The clouded beverage had a light transmittance at 
540 nm of 15.9% compared with 49.0% for the cloud 
less beverage. _ 

Cloud I-B (3:1) was prepared in the same manner 
except that 3 parts of a waxy maize starch and 1 part 
sodium caseinate were cooked in 64 parts water. A total 
of 3.5 parts of the resulting liquid cloud (5.8% solids) 
was added to the beverage. The clouded beverage had 
a light transmittance at 540 nm of 4.8%. , 

EXAMPLE II 

This example illustrates the preparation of various 
liquid clouds using different starches and varied starch 
to casein ratios. ' ' ‘ ' 

The clouds were prepared by dry blending the starch 
and sodium caseinate, adding suf?cient water to give a 
solids content of 5—20%, cooking for 20 mins in a boil 
ing water bath, and lowering the pH from about 5.5 to 
4.0 with hydrochloric acid. The starch bases used were 
waxy maize; tapioca;'potato; a cr‘osslinked, derivatized 
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waxy maize prepared by treatment with 7.0% propy 
lene ‘oxide: and 0.014% phosphorus oxychloride; a 
derivatized 75 WP corn starch prepared by oxidation 
with sodium hypochlorite; and a derivatized 72 WP 
corn starch prepared by acid hydrolysis followed by 
acetylation with 4% acetic anhydride. They were eval 
uated by measuring the transmittance in water after 
dilution to 0.2% solids and comparing the values with 
that of a control containing 0.2% starch solids by 
weight. The data is summarized in Table I. 

TABLE I 
Cloud 

Starch:Casein Transmittance 
Starch Ratio (% at 540 nm) 

Waxy maize (control) — 73.0 
Waxy maize 9:1 24.5 
Waxy maize 3:1 4.9 
Tapioca (control) — 83.6 
Tapioca 9:1 25.2 
Tapioca 3:1 5.1 
Potato (control) — 97.5 
Potato 9'1 73.5 
Potato . 3:1 15.0 

Modi?ed Waxy Maize (control) -— 53.8 
Modi?ed Waxy Maize 9:1 ' 31.4 
Modi?ed Waxy Maize 3:1 5.0 
75 WP Corn (control) —- 82.0 
75 WP Corn ‘ ‘ 9:1 72.0 

75 WP Com ‘ 3:1 54.0 
72 WP Modi?ed Corn (control) — 69.0 
72 WP Modi?ed Corn 9:1 39.0 
72 WP Modi?ed Corn 3:1 8.1 

The results show that all of the starch-casein clouds 
were better than starch alone, that all of the clouds were 
excellent clouds at the 3:1 ratio, and that mostof the 
clouds were very good even at the 9:1 ratio. 

EXAMPLE III 

This example illustrates the preparation of additional 
liquid clouds using different starches and different pro 
teins. 
The clouds were prepared by cooking the starch (1.8 

and 1.2 parts starch for the 9:1 and 6:1 clouds, respec 
tively) in 28.2 parts water for 20 mins, cooling to room 
temperature, adding 5 parts of a 4% protein solution, 
and then lowering the ph to 4 with 0.1 N hydrochloric 
acid. The clouds were diluted to the indicated solids 
content with water and then evaluated. In the prepara 
tion of the protein solutions, calcium caseinate went 
into solution (pH 5.7) without pH adjustment, but 
Supro 350 and Whetpro 80 had to be adjusted to pH 13 
with 25% sodium hydroxide to solubilize the proteins. 
Supro and Whetpro are trade names for soy and wheat 
proteins marketed by Ralston Purina Co. and Industrial 
Grain Products, respectively. The data is summarized in 
Table II. 

TABLE II 
Solids Transmit 

(% based tance (% at 
Starch-Protein Ratio on water) 540 nm) 

50 WF Waxy maize-Calcium 9:1 0.4 26.0 
caseinate 
50 WF Waxy maize-Calcium 9:1 0.2 47.5 
caseinate 
50 WP Waxy maize-Whetpro 80 9:1 0.4 37.2 
50 WF Waxy maize-Whetpro 80 9:1 02 50.0 
50 WP Waxy maize-Supro 350 9:1 0.4 25.9 
50 WF Waxy maize~Supro 350 9:1 0.2 58.2 
50 WP‘ Waxy maize-Gelatin 9:1 ‘ 0.2 a‘ 
50 WP Waxy maize-Egg white 9:1 0.2 ‘1: 
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TABLE II-continued TABLE III-continued 

Solids Transmit- Beverage Transmittance 
(% based ‘M106 (‘70 ill (0.2% cloud solids based on water) (% at 540 nm) 

Starch-Protein Ratio on water) 540 nm) , 2 
‘1d 1] 5 Clouded (comparative) ' 6.5 

$01 S ' _ 

waxy maize-Calcium M M m ii‘fé’é’t‘in'i?ililli'83352;?'Zliiiililiti?$12.22;!“'C" waxy mafze'calclum casemate 6:1 0'2 21'5 2‘Prepared from a commercially available orange beverage powder. 
Waxy maize-Whetpro 80 6:1 0.4 29.0 
Waxy maize-Whetpro 80 6:1 0.2 42.2 
waxy maizgsupro 350 6.1 0_4 130 The results show that dry clouds can be prepared by 
Waxy maize-Supro 350 6:l 0.2 36.7 10 spray drying. 

"-T ‘n - d . ‘1 dt d ~‘d‘l' t’ t H 3.0, 3.5. t‘orglglgnglQénCe was not measure as not. 011 orme O11 3L1 llCa 1011 GP V 

‘Alb ‘ t ' . . . . . 

“mm pm em Th1s example illustrates the preparation of additional 

The results Show that the Soy and Wheat proteins 15 spray dried clouds fromaSO WF waxy maize starch and 
formed starchprotein clouds which were almost as casem (9:1 and 15:1). It shows the effect on the transmit 
effective as the starch-casein clouds and that proteins, whee of the PH hsed 1“ the formahoh of dry clouds'_ 
such as gelatin and albumin do not form starch-protein Unless Otherwlse noted the Clouds were Prepared 1“ 
clouds_ the same manner as Cloud IV-A of Example IV except 

20 that the pH was lowered to the indicated levels prior to 
EXAMPLE IV spray drying. The coluds were evaluated, as described 

This example illustrates the preparation of spray 1“ Example IV, "5mg 3 cloudlesspl'ange beverage POW‘ 
dried starch-protein clouds (9:1) and their use in a bev- def as the Control- The data ‘5 glven 1" Table IV 

erage powder. TABLE IV 
Cloud IV-A was prepared by adding 100 parts of a 25 . 

. . . Beverage Evaluation 

waxy maize starch (WhlCl’l had been acid-converted to a Cloud Formation Cloud solids Transmmance 
_ degree known in the trade as 50 WP) to 300 parts water, PH (.70) (% at 540 nm) 
cooking the suspension (pH 5.6) in a boiling water bath 

. . . . . 5.0 0.1 14.1 

for 20 mins, and cooling the resulting starch dispersion 5.0 01 85 
to 45° C. In a separate vessel 11.1 parts casein were 30 50 Q3 51) 
added to 80 parts water and then 43.6 parts of 3% aque- 5.0 0.4 4.2 
ous sodium hydroxide were added to form a sodium 50* Q6 2-3 
caseinate solution (pH 13.0). Additional water was ‘:25, 3‘; 2'3 
added to the sodium caseinate solution to bring the total 10:0 0:2 39:9 
weight to 150 parts, the solution was then added to the 35 7_g 0,2 233 
starch dispersion at 45° C., and the pH was lowered 7-0 0.2 28-0 
from 11.2 to 5.0 with 9.7 parts of 10% aqueous hydro- 2(1) 8'; 31-8 
chloric acid. An additional 200 parts of water were 5:0,, 0:2 12:9 
added, and the cloud was isolated by spray-drying (inlet L6 0.2 270 
and outlet temperatures of the tower were 200°~210° C. 40 - —(control) 49.0 

and 105°“l 15° C-y resp?ctivelyl The dry Powder was ‘Prepared using a commercially available sodium caseinate rather than solubilized 
screened through a 40 mesh screen. 225cm _ _ _ __ 

Cloud was prepared in the Same manner except cirizp‘aargiusmg a 15:1 starch-casein ratio; all others prepared using the 9:1 starch 

that 11.1 parts of sodium caseinate were dissolved in 
138.9 parts water and after addition of the sodium case- 45 The results Show that increasing the amount of Cloud 
mate Soluhoh to the Starch dlspersloh the PH was low‘ solids in the beverage decreased the transmittance (i.e. 
ered from h'25 F0 5'0 with 1'4 parts of 10% aqueous increased cloud intensity) and that even at 0.1% solids 
hydroehlone aeld' _ the transmittance was much lower than that of the con 

Cloud IV'C was prepared “1 the Same manner ‘as trol. The optimum pH for spray drying is about 3.0 to 
Cloud IV-B except that the pH was lowered to 2.5 with 50 5.0 At pH 10 almost no cloud formed and the Spray 

sulhlmcdacils, pnor Its] Spray drymgb'l d _ h 1 dried product had a transmittance which was not much 
C o“ s 'A to 'c were dry en eh W“ a c oud' better than the control. When added to water at pH 4, 

less orange beverage powder (pH 3.1) using 0.2 parts of 3 5 and 3 it formed no Cloud 
cloud and 13.3 parts powder, and the powder was then ' ’ ’ ' 

reconstituted by adding 100 parts water. The transmit- 55 EXAMPLE VI 
tance of the resultmg beverages was measumd and Com- This example illustrates the preparation of freeze 
pared with that of beverages prepared from two dried reclouds 
clouded reconstituted orange beverage powders using p ' . . 

Precloud VI-A was prepared by cooking a mixture of 
the cloudless orange beverage powder as the control. 30 O t . t h d 10 O t d. 
The results are given in Table III. 60 ' .par waxy malze. s.arc an ‘ par so mm 

caseinate 1n 140 parts distilled water for 20 mins at pH 
TABLE III 6.6. It was isolated by freeze drying, ground, and evalu 

Beverage I Transmittancc ated as a cloud (0.4% solids) in water adjusted to pH 4.0 
(02% cloud whds based 0" Water) (% a‘ 540 nm) with hydrochloric acid. The light transmittance at 540 

IV-A 25.5 65 nm was 1.8%. 

Precloud VI-B was prepared in the same way except 
cloudless (control) 51:0 that the freeze dried precloud was cooked in water for 
Clouded (comparative)l> 21.0 about 20 minutes (pH was about 5.5). It was then cooled 
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and adjusted to pH 4.0 with hydrochloric acid. The 
light transmittance at 540 nm was 1.0%. 
The results show that freeze drying did not adversely 

affect development of the cloud and that it is not neces 
sary to cook the precloud prior to acidi?cation. 

EXAMPLE VII 

This example illustrates the preparation of drum 
dried preclouds and determines the lowest pH at which 
the granular starch slurries can be drum dried. 

Part A-Preparation and Evaluation of Preclouds 

Preclouds VII-A to F (3:1) were prepared by dis 
solving 10.0 parts sodium caseinate in 100 parts water 
by rapidly stirring for about 1 hour at room tempera 
ture, then adding about 30.0 parts waxy maize starch, 
and drum-drying the resulting slurry after adjustment to 
the indicated pH values using 0.1 N HCl or 3% aqueous 
NaOH. 

Preclouds VIIG and VIIH were prepared as above 
except that Supro 350 and Whetpro 80 were used in 
stead of sodium caseinate and they were solubilized in 
water at about pH 10.5-11.0, the starch was added, and 
then the pH was adjusted to pH 7.5 with 10% aqueous 
hydrochloric acid. 
The resulting preclouds were ground to form a pow 

der and evaluated in the uncooked and cooked form at 
0.4% solids in cold water at pH 4.0. The results are 
given in Table V. 

TABLE V 
Transmittance % at 540 nm 

Precloud pH at Drum Drying Uncooked Cooked“ 

VII-A 5.5 2.0b- 2.0 
VII-B sec- 3.011 2.0 
vn-c 7.5 1.2 4.0 
VII-D 2.5 11.0“’- 5.0? 
vn-E 9.5 3.01 4.0‘! 
VILF 10.5 5511- 6.04 
VII-G 7.5 2s.0b~ 12.21’ 
VII-H 7.5 4o.o'>~ 29.01’ 
”‘The ground preclouds were cooked for 20 mins, cooled, and then adjusted to pH 
4.0. 
b‘Settled out rapidly 
"The slurry was cooked prior to drum drying and the resulting dispersion was drum 
dried after dilution with an additional 150 ml of water to lower the viscosity. 
‘iClouds were stable and there was no settling even after 24 hrs. 

The results show that all of the preclouds can be 
drum dried, but that drum drying adversely affects the 
stability of some of the clouds which developed on 
acidi?cation of the precloud. The clouds developed 
from the starch-Supro 350 precloud (VII-G) and starch 
Whetpro 80 precloud (VII-H) were not stable even 
when cooked prior to acid?cation. Clouds developed 
from the starch-casein preclouds drum dried at the 
lower pH values (VII-A & B) were not stable, but could 
be stabilized by cooking prior to acidi?cation, while 
those developed from starch-casein preclouds drum 
dried at the high pH values (VII-D, E, & F) were very 
stable at pH 4.0 and did not require cooking prior to 
acidi?cation. 

Part B-Determination of Lowest pH for Drum Drying 
Preclouds 

‘ A total of 21 parts waxy maize starch was slurried 
with 7 parts of protein dissolved in 100 parts of distilled 
water, and the pH was lowered slowly with 0.1 N HCI 
to the point at which the protein agglomerated. Whet 
pro 80 and Supro 350 were initially solubilized at about 
pH 11.0 and agglomerated at pH 6.5 and 5.5, respec 
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tively. Sodium caseinate went into solution at pH 6.5 
and agglomerated at pH 4.8. 

EXAMPLE VIII 

This example shows the effect of the acid used to 
lower the pH on the cloud’s intensity. 
The clouds were prepared and evaluated as in Exam 

ple III except that 1.8 parts of a 50 WP waxy maize 
starch and 10 parts of a solubilized 2% sodium caseinate 
solution were used. The results are given in Table VI. 

TABLE VI 
Cloud Solids Transmittance 

Acid Used (% based on water) (% at 540 nm) 

10% Hydrochloric 0.4 17.0 
10% Hydrochloric 0.2 37.9 
50% Phosphoric 0.4 i 16.0 
50% Phosphoric 0.2 43.5 
25% Sulfuric 0.4 10.8 
25% Sulfuric 0.2 24.0 
25% Adipic 0.4 6.5 
25% Adipic 0.2 23.0 
50% Citric 0.4 9.0 
50% Citric 0.3 14.0 
50% Citric 0.2 23.0 
50% Citric 0.1 48.0 
25% Nitric 0.4 15.0 
25% Nitric 0.2 39.0 

The results show that the cloud’s intensity was af 
fected by the acid used to form the cloud. Citric, adipic, 
and sulfuric acid gave somewhat better clouds than 
hydrochloric, phosphoric, and nitric acid. 

EXAMPLE IX 

This example demonstrates the effect of the ?uid’s pH 
on the opacity of both a spray dried cloud and a liquid 
precloud. 

PART A-Spray Dried Cloud 

Cloud IV-A of Example IV (spray dried at a pH of 
5.0) was added to water at 0.4% solids, the pH was 

0 adjusted to the indicated levels using aqueous hydro 
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chloric acid and/or aqueous sodium hydroxide, and the 
transmittance was measured. The data is summarized in 
Table VII. ‘ 

TABLE VII 
Transmittance 

PH (% at 540 nm) 

1.5 39.0 
2.25 31.2 
2.5 19.6 
3.0 14.1 
4.0 6.7 
5.0 9.0 
5.25 10.0 
5.75 16.6 
6.0 24.0 
6.25 29.7 
6.75 59.0 
7.15 63.5 
7.75 67.8 

Part B-Liquid Precloud 

A liquid precloud (3:1) was prepared by adding 76.4 
parts of water to a mixture of 3.6 parts of a waxy maize 
starch and 1.2 parts of sodium caseinate. The dispersion 
was cooked in a boiling water bath for 20 mins. and 
cooled to room temperature. The pH of the relatively 
clear solution was 6.4. The pH was consecutively ad 
justed with 0.1 N hydrochloric acid to the value indi 
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cated in Table VIII and an aliquot was removed at each 
pH. The aliquots were diluted to 0.2% solids with wa 
ter, and the transmittance was then measured. The data 
is summarized in Table VIII. 

TABLE VIII 
Transmittance 

pH (% at 540 nm) 

6.4 70.2 
6.0 60.5 
5.5 27.2 
5.0 5.0 
4.0 23.9 
3.5 28.8 
3.25 33.0 
3.0 64.1 

The data shows that the cloud’s intensity is a function 
of pH and that the pH at which the cloud is developed 
should be between about 3.25 and 5.5, preferably about 
5.0 for waxy maize-casein clouds. 

EXAMPLE X 

This example demonstrates the effect of monovalent 
and polyvalent salts on the formation of a cloud and 
contrasts these effects with the effects of salts on the 
casein/starch complex described in US. Pat. No. 
4,159,982. 
A waxy maize-casein cloud (3:1) was prepared in the 

same manner as Cloud I-B of Example I except that 
10% by weight of the indicated salts, based on the 
starch, were present during the formation of the cloud. 
The clouds were developed at the indicated pH values 
and evaluated in water at 0.2% solids. The results are 
given in Table IX. 

TABLE IX 
Transmittance 1% at 540 nm) 

Salt Added pH 3.0 pH 4.0 

NaCl 72.5 7.0 
K2SO4 25.0 6.0 
Na2S04 32.0 6.0 
NaH2PO4 69.0 5.5 
Control‘ 73.0 7.0 

‘No Salt was present during formation of the cloud. 

The results show that the salts did not affect the de 
velopment of the cloud at pH 4 and that only salts con 
taining sulfate ions improved the development at pH 3. 
The casein/starch complex of the above patent is 

formed by heating casein or caseinate and starch at a 
temperature above the starch gelation temperature for a 
period of time inadequate to cook the starch. The com 
plex may be formed at a pH from 2-12, preferably from 
about 2-4 or 5-10. The addition of salts (e.g. NaCl, 
NaZHPO4, NaH2PO4, etc.) is preferred as they promote 
formation of the complex. 

In contrast with the above casein/ starch complex, the 
starch-protein clouds of this invention are formed from 
dispersed starches, which may be fully cooked, and 
they develop a good cloud only after acidi?cation to a 
selected pH range (preferably 3.25-5.5). Further, as 
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shown above, the addition of salts has a varying effect _ 
on formation and development of waxy maize-casein 
clouds. The same salts as those which promote forma 
tion of the complex (i.e. NaCl and NaH2PO4) did not 
affect formation and development of the cloud. Certain 
salts (i.e. those containing sulfate ions) improve cloud 
formation and development at a pH below the preferred 
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pH range, but do not affect cloud formation and devel 
opment at a pH within the preferred pH range. 

EXAMPLE XI 

This example describes the preparation of a fruit-fla 
vored dry beverage mix containing a spray dried 50 WP 
waxy maize starch-casein cloud (9:1). The following 
formulation should be used: 

Ingredient Percent 

Sugar 88.419 
Citric acid 5.318 
Cloud. 1.504 
Flavor and Flavor Enhancers 1.143 
Monocalcium phosphate‘ 1.137 
Potassium citrate 0.780 
Calcium phosphate (dry) 0.664 
Vitamin C ' 0.511 

Carboxymethylcellulose 0.460 
Vitamin A 0.036 
Color 0.028 

Now that the preferred embodiments of the present 
invention have been described in detail, various modifi 
cations and improvements thereon will become readily 
apparent to those skilled in the art. Accordingly the 
spirit and scope of the invention are to be limited only 
by the appended claims and not by the foregoing speci 
?cation. ' 

I claim: 
1. A liquid starch-protein precloud, useful in acidic 

?uids having a pH of about 3.25-5.5, prepared by form 
ing an aqueous dispersion comprising about 2.5-15 parts 
of a dispersed cooked starch base and about 1 part of a 
water-soluble protein salt at a pH above that at which 
said protein agglomerates; said protein being insoluble 
at a pH of about 3.25-5.5 and being a casein, a soy 
protein, a wheat protein, or mixtures thereof. 

2. A dry starch-protein precloud, useful in acidic 
fluids having a pH of about 3.25—5.5, prepared by form 
ing an aqueous mixture comprising about 2.5-15 parts of 
a dispersed cooked starch base or a granular starch base 
and about 1 part ‘of a water-soluble protein salt at a pH 
above that at which said protein agglomerates; isolating 
said precloud by freeze drying or by drum drying; and 
grinding said isolated precloud; said precloud being 
isolated by freeze drying or drum drying when pre 
pared from said dispersed cooked starch base or being 
isolated by drum drying when prepared from said gran 
ular starch base, whereby said granular starch base is 
cooked and dispersed; said drum drying being carried 
out at a pH of about 5.5-10.5; said protein being insolu 
ble at a pH of about 3.25—5.5 and being a casein, a soy 
protein, a wheat protein, or mixtures thereof. 

3. The precloud of claim 2, wherein said precloud 
prepared from said granular starch base and said casein 
salt and drum dried at below pH 8.5 is cooked prior to 
or during use. 

4. The precloud of claim 1 or 2, wherein said starch 
base is selected from the group consisting of a waxy 
maize starch, an acid hydrolyzed waxy maize starch, a 
derivatized waxy maize starch, a derivatized corn 
starch, a tapioca starch, and a potato starch. 

5. The precloud of claim 4, wherein said starch base 
is used in an amount from about 3—9 parts and is said 
waxy maize starch, said acid hydrolyzed waxy maize 
starch having a water fluidity of about 40-60, or said 
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tapioca starch, and said protein salt is sodium or calcium 
caseinate or mixtures thereof. 

6. A liquid starch-protein cloud, useful in acidic flu 
ids, prepared by forming an aqueous dispersion com 
prising 2.5—l5 parts of a dispersed cooked starch base 
and about 1 part of a water-soluble protein salt at a pH 
above that at which said protein agglomerates and acid 
ifying said dispersion to a pH below that at which said 
protein agglomerates to develop said cloud; said protein 
being a casein, a soy protein, a wheat protein, or mix 
tures thereof. 

7. A dry starch-protein cloud, useful in acidic fluids, 
prepared by forming an aqueous dispersion comprising 
about 2.5-15 parts of a dispersed cooked starch base and 
about 1 part of a water-soluble protein salt at a pH 
above that at which said protein agglomerates, acidify 
ing said dispersion to a pH below that at which said 
protein agglomerates to develop said cloud, isolating 
said cloud by spray drying or by freeze drying, and 
grinding said freeze dried cloud; said protein being a 
casein, a soy protein, a wheat protein, or mixtures 
thereof. 

8. The cloud of claim 6 or 7, wherein said dispersion 
is acidi?ed to a pH of about 3.25~5.0. 

9. The cloud of claim 6 or 7, wherein said dispersion 
is acidi?ed to a pH of about 2.5~5.5 in the presence of 
sulfate ions. 

10. The cloud of claim 6 or 7, wherein said starch 
base is selected from the group consisting of a waxy 
maize starch, an acid hydrolyzed waxy maize starch, a 
derivatized waxy maize starch, a derivatized corn 
starch, a tapioca starch, and a potato starch. 

11. The‘cloud of claim 10, wherein said starch base is 
used in an amount from about 3-9 parts and is said waxy 
maize starch, said acid hydrolyzed waxy maize starch 
having a water ?uidity of about 40-60, or said tapioca 
starch; wherein said protein salt is sodium or calcium 
caseinate or mixtures thereof; and wherein said disper 
sion is acidi?ed to a pH of about 4-5 using hydrochlo 
ric, phosphoric, sulfuric, citric, adipic, or nitric acid. 

12. The method for clouding acidic ?uids having a 
pH of about 3.25—5.5, which comprises adding the liq 
uid starch-protein precloud of claim 1 to said acidic 
?uid, or to a dry mix which is to be reconstituted with 
said acidic fluid, or to an acidic dry mix which is to be 
reconstituted as said acidic ?uid, said liquid precloud 
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being added in an amount suf?cient to provide from 
about 0.1 to 1.0% by weight of precloud solids, based 
on said total ?uid. 

13. The method for clouding acidic ?uids having a 
pH of about 3.25—5.5, which comprises adding the dry 
starch-protein precloud of claim 2 to said acidic ?uid, or 
to a dry mix which is to be reconstituted with said 
acidic ?uid, or to an acidic dry mix which is to be recon 
stituted as said acidic ?uid, said dry precloud being 
added in an amount from about 0.1 to 1.0% by weight of 
precloud solids, based on said acidic ?uid. 

14. The method for clouding acidic ?uids, which 
comprises adding the liquid starch-protein cloud of 
claim 6 to said acidic ?uid, or to a dry mix which is to 
be reconstituted with said acidic ?uid, or to an acidic 
dry mix which is to be reconstituted as said acidic ?uid, 
said liquid cloud being added in an amount suf?cient to 
provide from about 0.1 to 1.0% by weight of cloud 
solids, based on said total ?uid. 

15. The method for clouding acidic ?uids, which 
comprises adding the dry starch-protein cloud of claim 
7 to said acidic ?uid, or to a dry mix which is to be 
reconstituted with said acidic ?uid, or to an acidic dry 
mix which is to be reconstituted as said acidic ?uid, said 
dry cloud being added in an amount from about 0.1 to 
1.0% by weight of cloud solids, based on said acidic 
?uid. 

16. In a fruit-?avored, acidic dry mix to be reconsti 
tuted as a beverage, said mix comprising a sugar, an 
edible acid, a ?avorant, and a colorant, the improve 
ment comprising the presence of a dry starch-protein 
cloud, whereby said total dry beverage mix is storage 
stable and said reconstituted beverage prepared from 
said total dry mix has an opacity resembling the opacity 
of a natural fruit juice; said starch-protein cloud being 
prepared by forming an aqueous dispersion comprising 
about 25-15 parts of a dispersed cooked starch base and 
about 1 part of a water-soluble protein salt at a pH 
above that at which said protein agglomerates, acidify 
ing said dispersion to a pH below that at which said 
protein agglomerates to develop said cloud, and isolat' 
ing said cloud by spray drying or by freeze drying, and 
grinding said freeze dried cloud; said protein being a 
casein, a soy protein, a wheat protein, or mixtures 
thereof. 

* 1k * I! * 


